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(57) Abstract 

Apparatus (92), and an associated method (200), for estimating an interfering-signal component portion of a receive signal received 
at a receiver (76). The training sequence associatnl with the interfering-signa] component portion is determined (94), even without 
prior knowledge of the training sequence associated widi such inteifering-signal component portion. Once the training sequence of the 
interfering-signal component portion is determined, the receive signal is selectively (108, 136), jointly detected utilizing a joint detector 
(118), the interfering-signal component portion of the receive signal is better able thereby to be canceled or otherwise suppressed. 
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RECEIVER APPARATUS, AND ASSOCIATED METHOD, 
FOR DECEIVING A RECEIVE SIGNAL TRANSMITTED UPON 
A CHANNEL SUSCEPTIBLE TO INTERFERENCE 



The present invention relates generally to digital receivers operable to receive 
a receive signal transmitted upon a channel susceptible to interference, such as co- 
channel interference. More particularly, the present invention relates to apparatus, and 
an associated method, for identifying an interfering-signal component portion of the 
signal received by the receiver and for selectively suppressing the interfering-signal 
component portion out of the receive signal. 

The interfering-signal component portion is identified even without prior 
knowledge of a training sequence associated vdth, and forming a portion of, the 
interfering signal component portion. The receive signal is analyzed, first to identify 
a training sequence associated with an interfering signal component portion. And, a 
determination is made of the manner by which to recover best the wanted-signal 
component of the receive signal. A selection is made either to recover the wanted- 
signal component of the receive signal, e.g., by-jointly detecting-an interfering-signal 
component portion together with the" wanted • signal component and thereby 
suppressing the interfering-signal component portion;, or to recover the wanted-signal 
component by detecting merely the wanted-signal component of the receive signal. 

When' embodied in a cellular 'conrununication system, operation of an ' 
embodiment of the present invention facilitates better suppression of co-channel 
interference. Because co-channel interference is better able td be suppressed, channels 
defined in a cellular conmiunication system can be reused in a more efficient manner, 
thereby to increase system capacity. For example, the number of cells forming a cell ^ 
cluster pattern can be reduced. 

BACKGROUND OF THE INVENTION 

Utilization of digital communication techniques to communicate information . 
between a sending station and a receiving station has become increasingly popular in 
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recent years. Radio communicatipn^systems, such as cellular communication systems, 
are exemplary of communication systems which are increasingly constructed to utilize 
digital communication techniques. . ' : — ' 

Communication chaimels formed between Ae sot receiying stations 

5 of a radio communication system are defined. upon a portion of thej electromagnetic 
spectrum, the "bandwidth"^^ allocated to.the: system. The channels are, defined, at least 
in part, upon carrier .frequencies,, "carners'\},v« allocated, bandwidth, i The 

bandwidth allocated,, and ayailaible, tp -,aj,radio. commimication- systeniNis usually 
limited. And, the commxmication capacity of the radio cpmmunicatiQa system is 
10 defined, inter alia^ by, and limited ^byi, the, bandv^ the system. 

In a multi-user radio communication system^ s^^^ cellular^ communication 
system, communication capacity limitations sometinies prohibit additional users from 
utilizing.the communication system as a result.of bandwidth limitations. By utilizing 
more efficiently^ the bandwidth allocated to the commxmication system, the 
1 5 communication capacity of the system can be increased. : - ; : i 

The bandwidth allocated to a radio commimication system can be tnore 
efficiently utilized if ^digital communication techniques . are used to transmit 
information-containing commxanicationsignds upon channels forming links between 
a sending station and a receiving station. • . > 

20 . When a communication signal is formed utilizing a digital communication 

technique, an information signal is sometimes digitized, and modulated upon a carrier 
utiliang a selected modulation technique, such as, for example, a QPSK (Quadrature 
Phase Shift Keying) or a GMSK (Gaussian Minimum Shift Keying) technique. Use 
of other modulation techniques are sometimes alternately utilized. Because the 
25 information signal is digitized, the communication signal formed therefrom can be 
transmitted by a sending station upon a communication channel in discrete bursts. 
.When the communication signal is transmitted in discrete bursts, the bursts are 
concatenated theretogether at the receiving station. 

Because commimication signals can be transmitted in discrete bursts, time 
30 division multiplexing . of a carrier is permitted. Two or more channels can be defined 
upon a single carrier. 
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In at least one type of cellular coiftmunication system, a system constructed 
pursuant -to ^ the bpferatiorial specification of the Global System for Mobile 
communications (GSM), a digital communication technique is utilized. Carriere of the 
bandwidth altocateli to fee communidatidn system are' divided into eight time slots. 
Eight-way time division Multiplexing i^^ in isuch a coimnuhication system, 

and' bursts of commuiucatioli' Betw^n^a s^hding sta^on 

::::and.ajLrec8ivin# st^tibh^ on selected ''drfeil^^ su^h^fime' "^16^^^ slot 
: ^Gombinatiorts forfti- * thfe* cJornffiitoiei^^^^ cfikime"fe^ 'apon^'whicTi ti^^^^ conrnunication 
-signals-are transmitted. ' - i^^* -^-^ " 'IJ'^^^^^ - i*"^^ ' -^-j * - ' ■ - 

r Standard pr6tDc6l's-set^forth-i&the%SM^^^^^ specification, define the 

structure of normal burSts^cb'nmiariicatedduiirig defined ih the GSM system. 

The conununication signal portions trahsnii'tted <iiiring tKe time slots defined in the 
GSM system ard divided at least irito'a data field and a training's^ The 
training sequence field iS formed of a series of bits, laiowh to the receiving station. 
The purpose of transmitting known bits to the receiver is to diow the receiver to 
equalize the channel. Typically, the signal is'distorted when it jDropa^ates through the 
radio medium and the equalization allows for the redeiver to estimate the channel 
impulse response, i.e., how this distortion has affected the signal during its 
transmission to the receiver. " ' ' ^ 

Such training sequence bits are utilized at the receiving station to' facilitate 
detection of the mformational content of the data fields ci^inrtiunicated together with 
the training sequence field. 

Cellular communication systems, both those utilising Conventional analog 
techniques and also those utilizing digital communication techniques, defme cells 
throughout a geographical area encompassed by the cellular communication system. 
Collections of cells form cell clusters. In each cell cluster, the total availabfe 
bandv/idth allocated to the communication system is utilized. In successive cell 
clusters, the allocated bandwidth is reused. The communication capacity, limited by 
the number of channels which can be defined upon the allocated bandwidth, is 
effectively increased by reusing the channels in each of the cell clusters. 
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■ A problem sometimes associated with.reuse of the bandwdth is co-charaiel 
interference. When communicatipn signals.are transmitted concurrpntly in different 
cells upon the same communication channel, such concurrently-transmitted signals 
sometimes interfere with one another; such interference is referred: to as co-channel 
5 interference^ Co-channel interference makps detection of the wantedrsignal received 
. 'at . a receiving, st^ion mori?. dif^^cult,,^^^^^ of pp-chaimel,: interference: 

significaiit, the qu^ity of the sign^l .!^^^^ • r - ; : I r < 

Receiving, stations. wWch,,receiyq,(^mJT?unicat^ sigimls, generated utilizing 
digital.comniunication techniques sometimes include equalizer circui^ 
10 signal detection of th? infoimation^ cpnlsent of a cpmmumcation signal received at the 
receiving station. Typically, the training sequence forming a portion of a 
cqmmunicatipi^ signal, is jitiUzed by the equalizer to, facilitate the detection of the 
informational content of the wante.^-signal received at the receiving Station, • 

When the receive signal received at the receiving station is formed of both a 
1 5 wanted-signal component and also an interfering-signal compoiient,. an equalizer can 
be constructed to jointly detea lxJlh the wanted-si^alxomponent and the interfering- 
signal component. In such an equalizer, however, the training sequences associated 
vvith both the \yanted-signal component and the interfering-signal coniponent must 
.typically both.be;. known. While the training sequence associated wiA the wanted- 
20 signal component is typically known tp the receiving station, the training sequence 
associated with an interfering^signal component portion forming at least a portion of 
the interfering-signal comppnent is not necessarily and, typically is not, known to the 
receiving station. Without knowledge of the training sequence of the interfering-signal 
component portion, existing receiving stations are typically unable to properly detect 
25 and suppress such an interfering-signal component portion. of a receive signal. 

A manner by which to permit .a receiving, station to determine better the 
interfering-signal component portion of a receive signal received at the receiving 
station wpuld be advantageous. By bettei detecting the interfering-signal component 
portion, suppression of such interfering-signal component portion can be better 
effecmated. Thereby, bandwidth reuse can be made more efficient, resulting in 
increased communication capacities of the communication system.- . . 



30 
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It -is in light of this background* informatiori relati^ to digital receivers that the 
significant improvements of the present invention have evolved. 

^ SUMMARY' OF THE'W/ENtlON'^-'*^ * ' 

' - -The present invention advantageously provides apparatus, and an' associated 
-method, fof^ identifying aii inteiferihg4ignafl^'c6rh^^ porti'on^of a receive signal 
• which is most a11vafitage6iis'^t6'Vappi^s:^^'^'&e'^d^^^ iA'a receii^irig station. Orice 
L Udehtified, thfe-ih^terfefing-sighal 'ck)mp out of the 

-r^deiye" signal.- We''Hnte"rferihg-sign'al"'c^ portion i^ siippreksfe^' if siich 

suppression would Tacilitate detection' 6?a^wanted-si^h 
receive' signal. . ' ^ * ' ' * " 

' Operation of an embodiment of the preseht invention esitimktes one or nibre 
interfering-signal component pohions vvithout Requiring Wriingse^ associated 
with the one or more interfering-signal Component portions to be known in advance. 
The receive signal is analyzed; first to determine the training^seqUerice associated vvith 
the one or more interfering-^signal cl^mpbneh^ " 
' ■ Thereafter, a selection is made of the-manner by which to detect the wanted- 
signal component of the receive signal. The wanted-signal corhponent is detected 
either by joihtly detecting the interfering-signal compoheiit portion together with the 
wanted-signal component or by detecting rii'erely the wmifed-signal component of the 
receive^ signal. * ' > - ' - " - ' " " * ^ * 

In one aspect of the present inventioh, apparatus ahd' method^ is embodied in 
a cellular communication system to facilitate the detection of a wianted-sighal 
component received at a receiving station. The receiving station is formed of a mobile 
terminal when downlink- signals are transmitted thereto. And, the receiving station is 
formed of a radio base station of the network infrastructure of the cellular 
communication system when uplink signals are transmitted thereto. 

By providing the capability to identify, detect, and possibly suppress the 
interfering-signal component portion even without piior knowledge of the training 
sequence associated therewith, the receiving station is sometimes better able to 
recreate the informational content of the wanted-signal component. 
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Better suppression of co-channel interference is facilitated, through operation 
of an embodiment of the present invention. Because of such improved ability to 
suppress such interference, the channels defined in a cellular commumcation system 
arc able to be reused in a more efficient manner, thereby to peipit an increase, in 'the 
5 commiinication capacity of the Sj^^ ^ h r-:^ - ^ c : : i) .-: ': ^ ' 

In another aspect of the prfj^ent invention, the wanted-signal: component of the 
receive signal is detected jointly with; an jnterfpringjsign^^ epmponent portion/. A' jomt 
channel estimate is calculated for. this wanted signal in addition to an^i^^^ 
Qomponent portion or more than one interfering signa^^^^ component portion.. A value 
10 of resiciual interference is calcu^tedrfor.each of tli^ The v^ue 

of residual interference is an indication of the interference remaining after detection. 
The interfering-signal component portion that can be mQs;t efficiently suppressed is 
that which exhibits a lowest estiniate of residual interference. The most efficient 
suppression is, e.g., that which permits maximization of tiie quality of the detected, 
1 5 wanted data. Such an interfering-signal component portion is suppressed out of the 
receive signal. And, further receiver .operations are thereafter -performed upon th^ 
^remaining signal portion. . . . . _ : — ' 

In another aspect of the present, invention, a channel estimate is^further made 
of only the wanted-signal component and a value of residual interference's calculated 
20 therefrom. The calculated yalue is comparcjd with the value of residual interference 
of the lowest value calculated for joi^t channel estimation. Utilization of the joint 
detector is made if the residual interference calculated therefrom is of a lower value 
than the value of residual, interference calculated responsive to the single-channel 
detector. And, if the residual interference value generated responsive to the single- 
25 channel detector is of a lesser value than the residual interference calculated 
responsive to the joint detector, the single-channel detector is instead utilized. 
Thereby, the training sequence associated with an interfering-signal component portion 
of a receive signal that is most efiFicientiy suppressed is determined and, utilization of 
a signal generated by a joint detector or a single-chaimel detector is further made. In 
30 analogous fashion, more than one interfering-signal component portion can also be 
suppressed. * 
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t In stiU 'anotlier aspect of the present invention, apparatus; and an associated 
method,>is-6f)erable in a radio receiver which receives a receive signal ! The receive 
signal'is formed of a wahted-signal component and an interfering-signal component. 
The interfering-signal ' component iS formed of at least' dhe interfering-signal 
5 component portion. The wanted-signal component' has a fir^t to-aining sequence 
associated:therevvdth. ABdfthe at le^ We'interfefin]^^^^ component '^^^^^ has 
:at! least^a isecond:«Faiiiirig- ^aqrieftceT &syai&d'ttf^fevv4thV^^ the 'fiVsf land it ieast'secdnd 
tiaining.:sequencesi respb'eteva^^^ seldfilSai m a ^sit oMmiing s^^^ The 
.first training -^eqliiiehce{ is ef a vabd known to the receiver it least when '^iie signal'is 

10 - . received at-the recehver. The apparatus; Mi' th^i^ cietermines the value of the 
at least second trainiiig seqiieSice. A chknhei estimator is coupled to recei ve at least 
indications of the receive signal receiVSd at the"* receiver. The channef estimator 
generates ^oups of chanhel estimatbs wheteih th^ ChaiSi^l" estimates of each' groiip are 
representative of characteristics of estimated 'chSnhfels estimative of channels upon 

15 which the receive signal is transmitted to the receiver." TTi^ channel estimates of each 
group include estimates of chaimels upon which intefferin^-sighal component portions 
are transmitted. The interfering-signal component portions' have associated herewith 
trainmg sequences of the set of training sequences. A i-esidual interference estimator 
is coupled to receive indications of the estimates formed by the channd estimator. The 

20 residual, interference estimator generates vkl'ues 6f resfdual interference estimated by 
the residual interference estimator.^^-'The selector Selects a group of the channel 
estimates of the groups of channel estimates estimated by ihe channel estunator vi/hich 
exhibit a value of residual interference of a desired value* The training sequence or 
sequences associated with the group of channel estimates selected' by the selector is 

25 determined to be the value of the at least second training sequence. ' 

In another aspect of the present invention, the wanted-signal component of the 
receive signal is detected in addition to one or more of the interfering-signal 
component portions. The interfering-signal component portions are first identified in 
an estimator by recognition of, e.g., a training sequence for the interfering-signal 

30 component portions. The estimator also generates a quality measure for the receive 
signal. The quality measure reflects the quality of the wanted-signal component after 
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detection, e.g., of a measiu-e of residual interferenee. ; For ^yeryf Combination of 
estimations of wanted-signal component and interfering-signal component portions 
possible for a known number pf interferers. to detect, a quality itteasuxe is determined. 
An interference detector then selects to detect; the conibination of ;Wanted-sign£il 

5 component/interfering-signal component portions that are most: -advantageous to 
detect, according to the quality measure generat^^^^^ ^ -uii.: lii o . 

In these and oftei;. gsppcl^^^Aerefo^^ 
facilitates processing of a receive signal received at a radio receiver, i The: recbive 
signal is fonned of a wpited-sign^^ conippnent portion and -at -least one: mterfering- 

1 0 signal component portion. A quality measure determiner is coupled to receive at least 
indications of the receive signal. The quality measure determiner forms at least one 
quality measure of the receive signd. .An interference detector islalso coupled to 
receive the at least indication?, of the receive signal and indications of the at lesist one 
qudity measure of the receive signal determined by jthe quality measure determiner. 

1 5 The interference detector detects the wanted-signal component, portion of the receive 
signal and selectively suppresses the at least one interfering signal component portion. 

A more complete appreciation of the present invention and the scope thereof 
can be pbtained from the accompanying, drawings; which are briefly summarized 
below, the following detailed description of the presently-preferred embodiments of 

20 the invention, and Ae append^ed clainis. . ■< y ; : 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figxire 1 illustrates a 4:12 cell reuse pattern sonietimes utilized to allocate 
chaimels available to be used in a cellular communication system. ~ 
25 Figure 2 illustrates a cell reuse pattern, similar to that shown in Figure 1, but 

of a 1 :3 channel reuse pattern. , . 

Figure 3 illustrates an exemplary frame structure of a burst into which bits 
transmitted between a. sending station and a receiving station of a conmnmication 
system are fomiatted, 

30 Figure 4 illustrates a functional, block diagram of a model of a communication 

system having a communication channel upon which co-channel; interfering-signal 
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components are^-received together with a wanted-signal corriponent at a receiving 

. station.-'- " " - - ' 

* . ' , Figure .'5 illustrates a functional- block idiagram of the apparatus of an 
\. embodimentiof the present invention which forms a pbrtion of the receiving station 
. shown in'Figure4/j:« - - ~ - '* . ^ ■ 

Figure 6 illustrates anotifibr functfonal'blb'b^ of the apparatus of an 

embodiment ^ofethe present invention- w of Ih'eVeceiVing station 

:,.shown:inFigure4:^" ^ Lj/b-:.^.? ior-^a 'y'\v:^i r 1 v ' - ' 

: r -'-- Figure 7 illustrates a iSgthbd flow Hia^ illusfe^g' the meWd steps of the 
method of the present inveiitioh:-'--^^' ' ^"^'^ ' --vv-ir n ^^r ; 

DETAILED DESCRIPTION OF THE PRESENT INVENTION v ^ 

Referringifirst to Figiire 1 , ah exemplary grid partem, shown generally at 1 
is illustrative, of a channel allocation pattem defined in an exemplary cellular ' 
communication system. The grid pattem pictorially illustrates the mmuier by which 
groups of channels are reused throughout a geographical area^ encompassed by "the 
system. ' . 

Hexagonally-shapedcells 12 are defmed 6y radio base stations 14. Typicallyf^ 
the hexagonal pattem exists only for cell planning purpdkes arid it is to be understood 
that the actual coverage provided by the base stations and antenna sitei is typically not 
hexagonal. The radio base stations 14 form portions of cellular network infrastructure 
equipment of the cellular communication system. ' 

In the grid pattem 10 illustrated in Figure 1 , each radio base station 1 4 defines 
three cells 12. Generally, a mobile terminal (not shovvn) positioned in one oif the cells 
12 transceives commimicatibn signals to and fi-om the radio base station 14 which 
defines the cell in which the mobile terminal is positioned. Utilization of a cellular 
communication system is advantageous as continued communication with the mobile 
temiinal is possible even as the mobile terminal passes through successive ones of the 
cells 12. Commimication "hand-offs" between radio base stations 14 defining the 
successive ones of the cells 12 permit such continued commimication, all vvdthout 
apparent interruption of ongoing conmiunications. 
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As noted previously, a significant advantage of a cellular communication 
system arises due to the ability to reuse .channels defined irt the bandwidth allocated 
to the communication system. Different, groups of channels are assigned to be used 
at ^different ones of the i cells 12. And, .such chaimel assignments are repeated in 
5 successive groups of thcp^ls. . While typically, phannel assignments of adjacent cells 
, 12 , are dissimilar, the channel assigiu^ents are repeatedj bye of 
, .cells... - . . .o\H\:.tcq ";-0:.a:r^ iiojn-:, :-r::o': ,ci r-,^:.-:'::: 

, The grid p.attem JO- shown an M referredrto>as:a/''4:12" 
scheme. In such a scheme, the channels ■ allocated :tQ: Ae:ielMa:r communication 
10 system are divided into twelve phaiuiel-groups.,. The. groups are designated in the 
..figure by. Al, A2, A3, Bl, B2, B3, CI, C2, C3,rDl,fD2, and D3;: Groups of twelve 
cells, such as the group 22 indicated by the bold-face outiine in the figure, are defined 
- throughout the. pattern 10. The channels assigned to _each cell of the twelve-cell group 
is assigned, a different set of channels, and adjacently-positioned cells are not assigned 
15 >vitii the same channels. . Interference between ^signals generated in adjacently- 
- positioned cells is thereby reduced. ' . 

As also naentioned previously, to., increase the capacity of the cellular 
commimication system, the cells can be re-used more fi-equently, albeit at the risk of 
an increase in the possibility that interference of concurrently-generated 
20 communication signals might bemore likely to occxir: 

Figure. 2 illustrates another exemplary grid pattern, shown generally at 30, 
illustrative of another channel allocation pattern. The pattern 30 is sometimes referred 
to as a "1:3" scheme. Similarrto the arrangement shown in Figure 1, hexagonally- 
shaped cells 12 are defmed by radio base stations 14. Each base station 14 defines 
25 thr^e cells 12, in manners analogous to the maimers by which the base stations 14 
define the cells 12 in the illustration of Figure 1, ^ 

In a 1 :3 scheme, the chaimels of the bandwidth allocated to the cellular 
communication system are divided into three groups. In such a scheme, the channels 
allocated to the commimication system are divided into three channel-groups. * The 
30 groups are designated in the figure by A, B, and C. Groups of three cells, such as the 
group 42, indicated by the bold-faced outline, are formed throughout the grid pattern 
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30.. Each cell of the group 42 is defihed-with a -different one of the three sets of 
allocated channels.' The sets of channels '-again, are assigned in manhefs such that 
. adjacent ones of the cells are not assigned with the same set of freiquericy channels. 

Because the allocated channels are divided into tHfee sets of chanifels rather 
^ than twelve sets;of channels, a multiple-increase in channels available upon Which to 
: transmit ciamniunication sighgQ^^at a^ results/ F/z/"^ i^^^ 

increase in communication capacity is possible. However, the separation distance 
: between cdlis which reuseJtK^*isame5a'ot^c^ the reuse 

/pattern- ofAe 4: 12 scheme shbw^'ih FigWc * ■ ' ^ * *' 

; : Degradation^ vlevels- of commuhteation quality resulting from co-ch^el 
interference is therefore of a potentially greater fconcem in a cellular coihmu^cation 
, system which utilizes the 1 ::3^cheme rather than the 4: 1 2 schemed If ihbteased jeVels 
.-of corchannel interference 'significantly interfere with conimiinicatldns wheh a 1:3 
communication scheme is utilized, the benefits of the irici'eased comi&itlication 
capacity permitted:by the utilization of a 1 : 3 coniniiifiicatiori scheme might be offset 
by increased levels of co-channel interference. If significant, the levels of co-channel 
' interference, in fact, might seriously degrade the quality of corhmunications, wholly 
obviating the possibility of increasing the conuniinication capacity of the 1 :3 allocation 
: scheme. ' * ; ^ ' : - ' 

Operation of an embodiment of the presieiit invention provides a manner by 
which to identify a corchannel, interfering signal at a receiving station, thereby to 
permit better suppression of such interfering sigiiah^ ' . > - . 
: i Figure 3 illustrates a burst 50, exemplary of a burst into WKlch data bits of a 
communication signal are formatted in an exemplary, cellular communication system. 
The burst 50 is representative of a burst formatted during operation of transmitter 
apparatus of a GSM cellular communication system. Other manners by which a 
communication signal can be formatted can similarly be represented. 

As illustrated, the burst 50 includes two fields of data 52, each of fifty-seven 
bit lengths. A training sequence 54 of a twenty-six bit-length is positioned between 
the two data fields 52. Three-bit length tails 56 are formed at the opposing ends of the 
burst 50. The bit values of the tails 56 are of zero values. The bits forming the data 
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fields 52 contain speech or other types.of source information or isignaling information. 
Single bit" length flags 58 positioned between. the data fields 52 and the. training 
sequence, 54 are of values indicative^ of the type of information of which the fields 52 
are formed. Successive bursts, or "frames'^fonnatted therefirom; are conmi^^ 
5 ; between a sending and a receiving station, suph as .tiie. radio, base stations: 14 shovra in 
^ Figures 1 and 2,,and a mobUetenmnal^t^ 
Figlire4 illustrates,an,e;xemplai^.cQ 
.70, representative of the cellidar cqnirnutuca^^ 

as that represented by the grid p^attern 30/ shown iniF'igure;2. :In the iliusti-ated system 
10 70, a wanted-signal ^transiriitting station 72 generates a transmit signal which is 
transmitted upon a communication channel 74 to a receiving station 76. : The warited- 
signal transmitting station 72 isTcprefS^ntatiye of, for example, the radio base station 
14, shown in Figure 2, which generates downlink signals for transmission to a mobile 
temiinal,: here represented by, for example, the receiving station 76. The station 72, 
1 5 conversely, can be representative of a mobile terminal when .the mobile terminal is 
operable to transmit an uplink signal to a radio base station. . 

Additional transmitting stations 78 are representative of transmitting- stations 
which generate interfering signals which interfere with the wanted-signal generated by 
- the transmitting station 72. A K number of interfering-signal transmitting stations 78 
20 are illustrated in the figure. Each of such transmitting stations 78 transmit interfering 
signals upon the communication channel 74. and which are received by the receiving 
station 76. Such transmitting stations 78 are representative, for example, of radio base 
stations which generate signals on the same chaimel upon which the transmitting 
station . 72 .transmits signals, thereby to form co-channel interfering signals which 
25 interfere with the wanted-signal generated by the transmitting station 72. 

The channels 82 upon which the signals are transmitted by the transmitting 
station 72 and stations 78 can be modeled by discrete-time chaimel filters containing 
a channel impulse response. Such filters are in the model represented by, for example, 
multi-tap, FIR(Finite Impulse Response) filters. The channels 82 illustrated in the 
30 figure are representative of the channels upon which the signals are transmitted, and 
. such channels are indicated by the designation ho, h, . . . hj.. Each of the channels 82 
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is of potentiaJly differing characteristics responsive to the paths upon which the signals 
are transniittedlo the receiving station 76. Collectively, the channels 82 up6h which 
the signals -generated by the transmitting stations 72 arid 78, respectively, are 
I transmitted form thei communication channel 74. ' ' 

.. . . Althouglrthe. receiving station 7^6 iS intended to receiv^ only the Warited-signal 
. generated: by :the. transmitting ^stattori -72*,'the^i^eaH^e'srgnal-k^ 
receiving.. station 76ya52ther;iaaklTiatidft^of^'^^ upon the 

.i: jidiffefeRtuChannels:&2*:i SuschiSlifnmatibS^tlig^aif^^ in the 

r - figure by the summatloa element 84. Addfe^haftiTstortioh 'caused bywhite'G'aussian 
noise fomis :an additional coiEiSponent of thef^stimriiSd'sTgfial^forn^ receive signal 
received at the receiving station 76. " * ' * • ^ " * ' 

Figure 5 illustrates apparatus 85 whicK form's a portion of the receiving station 
. 76^ shovra in: Figure 4 iri an exemplary embodiment of the present inveniibri. The 
apparatus 85 is operable to identify and possibly suppress one or mote interfering- ' 
signal component portions of a receive signal received at the receiving station. ~ 

While the following description of an exemplary embodiment is desbribed 
. : generally with respect to a communication system in which it is general!^ desirable to' 
. r suppress interfering signal component portions, in an embodiment iii which the present ' 
invention is operable in, e.g., a CDMA communication system, the received signal 
contains at least one. wanted :signal component portion and possibly a riumber of 
interfering signal component portions. — •> * ' " ' - - ' 

The receive signal, subsequent to down-conversion operations performed by 
a down-converter (not shovra), is applied to an estiniMor 86 by way of line 87: The 
estimator 86 is operable to estimate channel impulse responses of a comrhunication 
channel upon which a wanted-signal component portion and at least one interfering- 
signal component portion of the receive signal are transmitted; The charinfel impulse 
responses may be estimated, for example, through the utilization of a training 
sequence, or other sequence, of the interfering signal component portion or portions. 
The estimator 8.6 generates a signal on line 88 which is applied to an interference 
detector 89. .This signal forms a quality measure of the receiVed-signal by being, e.g., 
an estimate of the quality of a wanted-signal component portion after detection. A 
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separate . quality measure is generated fpr each . combination of : wanted-signal 
components and interfering-signal component porjtioris that are estimated by , the 
estimator 86. Thereby, the estimator 86 forms a signal quality detenniner in which the 
signal formed thereat is an indication of the quality .of the wanted-signal component 
5 after detection. The interference detector 89 is operable to selectively suppress one or 
more interfering-signal coni|)onent pprtipns ,of the -The interference 

suppressor maj^, for example, be fqrn|gd ota jo^^ an interference cau^^^ 

a multi-user dptector, or a subtractiye,.4enaodulaton^ 

interference suppressfor is formed of a joint detector shall be described below .>yith 
10 respect to Figure 6. . ^; ; -n, ; ■ ^ti- : ■ ^ ' - • 

The estimator 86 which generates the. signal on the line/ 88 is operable to 
estimate channel impulse responses of a channel upon which the wanted signal 
component and one or more interfering signal component portions are transmitted. 
The charmel impulse response is determined, in one embodiment, by .utilizing a 
15 sequencer signal which permits for an, estimation of the channel impulse response, 
such as a training sequence of the interfering signal component portion. . : / : 

Figure 6 illustrates apparatus 92 which forms a portion of the receiving station 
76 shown in Figure 4 in an exemplary embodiment of the present invention. The 
apparatus 92 is operable to, determine one or more interfering-signal component 
20 portions of a receive signal receiyed gt. the receiving station. By determining , the 
component portions of the receive signal which are interfering-signal component 
portions, such component portions can be jointly detected together with a wanted- 
signal component and thereby suppressed. 

The receive signal, subsequent to down-conversion operations performed by 
25 a down-converter (not shown), is applied to an estimator 94 by way of line 96. The 
estimator 94 is operable to determine the training sequence of one or more interfering- 
signal component portions of tiie receive signal generated on the line 96. 

The estimator 94 includes a channel estimator 98. The channel estimator is 
operable to estimate the channels upon which the wanted-signal component and the 
30 interfering-signal component portions of the receive signal are transmitted. That is to 
say, the channel estimator 98 is operable to estimate the channels 82 shown in Figure 
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-4. The channel estimafor 98 is provided with infohn'ation, here indicated by way of 
line 102i of the training sequence of the wanted-signal component, wanted to be 
received by the-reCeiving station of which tl^e* apparatus 92 forms a portion. . ' 

* The training sequences associated v^th" the iriteriering-signal component 
portions are,* however, riOt known. Only the set of training sequences available to tke 
'."conkTluhication system is kiiov^m> Trahimg sequences as^sociafed wi^' iridividiial ones 
. of thfe inteffering-signaJ componefit p^/iion^*M'seie(^^ froim'siich' set! 
r '94; :iof whichh the channer festimMo/-$8 is dpCTable to^ extract the 

' training Sequences associated with onie of niore ihfertteg-^sig^^ 

The channel estimator 98 estimates groups of channels fohned of estimated 
channels upon 'which the wanted-signal" component is transmitted" together with 
interfering-signal component portions liaVing associated therewitii eacii of the possible 
training sequences. . ' ' : . - i.. . ^ 

The groups of estimates can be Estimated, e'.g!, by joint estimation of the 
wanted-sigrial component and at least one interfering-signal component portion. But, 
the groups of estimates can also be formed by cdn^bining individual estimates of the 
wanted-signal component and estimates of tfie interfering-^igr^ component portions, 
respectively; - - ' 

- . .. ' In one embodunent, channel estirnation, h \ is made based upon a least mean 
square error estimate which is calculated iising the follovving eqiiation: 

where " denotes the Hermetian transpose, and M is the matrix defined as: 

and where each M^, i=0,l. . .,K, is a matrix containing the training sequence for user 
i, m.(n),n e [0, N - 4] , in the following way: 
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m^{L) m.{L-l) 
m^{L+l) iri.[I.) 

m.{N-l) m.(N-2) 



m.(0) 



m.(N-L-l) 



i = 0,..., K 



10 



L is the memory of the chiaimels, i.e,, fo^^^ are estimated for 

the chamiel impulse responses.,, N. is. the length of^the training;Sequ6nce. ? 

Further Tj- is a, column vector of. length; N-L contairung the received signal 
diffing the training sequeijce.^ Adopting the abovci definition, Ty can be expressed as: 

rr=Mh + w •; ;• ■ ' ■/ ■ 

where w is noise and interference that is not detected.. 

In the same way the received signal diiring the data sequence can be expressed 

as: 

ri, = Dh + w 

where D is a matrix defined as: 

, D = [Do,D„- .Pk] 



wjiere each Dj, i=0,l,v...,K, isj a, matrix contaiiiing the data sequence for user i, 
dj(n), n e [0, N - 1] , defined as: " ' ! ' ' 



d.{L)'^-- 'd.lL-l) ... d.'(O) 
■d;(X+l)' ■ d^(L) ... d.{I) 

d.{R-l) d.{R-2) ... d.{R-L-l) 



i = 0,..., K 



15 The residual interference during the training sequence is: 
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and similarly for the data sequence: 

The expected value for the residual interference for the training sequence is: 
E{Rt} = ... = (N . L - (L+1)(K + l))o2 = uo^ 
::whefe'0^ iS^tKe power of the riofi-detebted*^ * - ' - • ' • 

5 The saxne can- be done fo^ sequence:"'^ ' " ^ ' ' " ' ' * 

'E{RT.}-=:.. = ill-L)(Trace{(^^ 
•^ari estimate of the- residual interference for -the data seqiifence, J? ^, can be done ty 
combining the above two equations. - 




While the training sequence of the wanted-signal component is known, the 
1 0 training sequence of interfering-signal component portions must be determined? 

To determine the training sequences of the interfering-signal component 
portions, a joint channel estimate is performed under the assumption that the 
. interfering-signal component portions have particular training sequences. That is to 
say, A is calculated where M =[Mo MJ and take on all possible triaining 
1 5 sequences. Then for all the channel estimates, a value of the residual interference 
during a data-sequence portion is calculated. An estimate of the training sequence for 
the interfering-signal component portion which exhibits the lowest estimate of the 
residual interference during a data sequence is selected to be the interfering-signal 
component which has the most degrading effect upon receiver performance. 
20 A selector 108 is coupled to the residual interference estimator 106 by way of 

lines 112. The selector 108 is operable, in part, to select the training sequence 
associated with the value of residual interference at the lowest level and to generate 
a signal on line 1 14 representative of such training sequence. A signal representative 
of a channel estimate is also generated upon the line 1 14. 
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The apparatus 92 further includes a joint detector 1 1 8^ The jqint detector ,118 
is coupled- to receive indications of the training sequence and the channel estimate 
selected by the selector 108 and also, at least selectively, to the line 96 upon which the 
receive signal is provided. The joint detector 1 18 /is operable to detect jointly .the 
5 wanted-signal component having the known ti-aining sequence -and the; one or more 
interfering-signal component^ portions, associated ^^ v^ tiie; one ^or more training 
sequences selected by the selector 108. The joint detectQrcmay^iforiexample,.ibe 
implemented utilizing a Viterbi algorithm, in conyentiond f^ v . i ' 

By jointly detecting the wanted signal component portion and :the at . least one 
1 0 interfering-signal opmpqnent portion, the degradation of the wanted-signal component 
portion caused by the interfering-sigi^al component portion is substantially reduced, 
i.e., a suppression of the interfering-signal component portion out of the wanted-signal 
component portiqn is achieved. , , , 

In the illustrated embodiment, the apparatus 92 further includes. a single- 
1 5 channel detector 128. And, in such an embodiment, the channel estimator 98 is further 
operable to estimate a wanted-signal channel upon which the wanted-signal 
component of the receive signal is estimated to be transmitted, all without regard to 
any interfering-signal component portion. 

The residual interference estimator 106 is further operable to calculate the 
20 residual interference of sycli w pstipiated channel, and the selector 108 is further 
operable to select ainongst, the channel estimates including such single-channel 
estimate. If a deterrnination is made by , the selector 108 that the single-chaimel 
estimate exhibits, the lowest level of residual interference, the selector 108 generates 
a control signal on line 1 34 which controls a switch position of a switch element 136. 
25 The switch element 136 alternately connects the line 96 to either the joint 

detector 118 or the single-channel determiner 128. When the residual interference 
value of the single-channel estimate is of the lowest value, the selector 1 08 causes the 
switch element 136 to be positioned to interconnect line 96 with the detector 128. 
When another of the channel estimates exhibits lower levels of residual interference, 
30 the selector 108 causes the switch position of the switch element 136 to be positioned 
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intercormTCt the lines' 96 wthA^ In such manner, the apparatus 

detects therecdve sighS jointly or singly, as appropriate.' 

Figure 7 iirusftStesf a method' ihovvn generally at 200, of an embodiment of the 
. present 'invenfion. The' method 200 is bp^able to detenriine the value of a training 
--•sequence associated with an ihtei^ering domponeht portion of a receive signal. The 
feceive'signaJris'formed (if a wteted-^sighd'cdftip^^ 

:isignat 'component p'ortioA/ ■ ^ . - -^'^^ uirMOo v'.. - y.": 

First, and at§ fniiieated-'by t^^^ grdtfps if cHaimer estimates'are 

generated responsiv^-^tet indi^fafions of the rec^ve'^ii^al/ 'Channer estimates are 

. -estimative of channels upori^whieli-cdmponehfeiof signal ai^e transmitted 

to the receiver. . Then, andl as indicated of residual 

interference are generMed for e&h of "the grbup'g of chaiiriel estimates. And, as^ 
indicated by the block 206, a selection is made of the group of chamiel estimates 
which exhibits the lowest valiie' of residual %tetfer^hce. iSuch levels of residuaT 

' interference are indicative of the interference-signal compohfeiit jportion. The training^ 
sequences associated with the channel eisiimates are detdifmined to lie the value of the^ 

• - training sequence. ■ - 

Operation of an embodiment of the'present invention permits an interfering- 
signal component portion to be detected even without prior knowledge olf a training 
.sequence associated with such portion. A receive -signal received at a receiver is 
analyzed, first to determine a training seiqiiehce -associated With the interferihg-si^al 
component portion. And, a determination is made of the mannef by which to recover 
best the wanted-signal component of the receive signal. A selection is niade either to 
recover the wanted-signal component by joint detection or by detection of merely die 
wanted-signal component of the receive signal. 

When embodied in receiving station portions of a cellular communication 
system, such as the receiver portion of a mobile terminal or the receiver portion of a 

. radio base station, better suppression of co-channel interference is facilitated. Because 
co-channel interference is better able to be suppressed, channels defined in this system 
can be reused in a more efficient manner, such as the 1 :3 cell reuse pattem shown in 
Figure 2. 
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Although the present invention and its exemplary embddiments are primarily 
explained -considering a TPMA commimication system, , it -could equally well be 
implemented in communication systems that utilize other kinds of access schemes, 
such as, for example, a slotted CDMA systems ^where" every time slot/frequency is 

5 divided into at least two traffic chaimels, e.g,, at least two users • The user .separation 
vvitiiin the time sloj/frequency is,in,such.a,case acW code separation, i.e., 

each user in the same timp slot/fr^que^ipyis assigned a user-specific spreading code. 
In such a case, a wanted signal component is susc^eptible^to botii corchanneLand.intra- 
cdl interference. If an embodiment of .the inyention is implemented iri, e.g., such a 

1 0 system, it should be appreciated ,that.what earlier.has been referred to. as interfering- 
signal component portions acti^ly can be any mixture of interfering-signals and 
useful signals, at. least for the uplink case, wherp detection of all components are 

desirable. . ^ ■ / i ' - 

The previous descriptions are of preferred examples for implementing the 
15 inyention, and the scope of the invention should not necessarily be limited by this 
description. The scope of the present invention is defined by the following claims. 
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WHAT IS CLAIMED JS: .^ - ^ ^ 

l.--- . In a -radio receiver operable to receive a receive signal, the rieceive 
sigial formed of a want6d-signal componeht portion and at least one 'inlerfering-signal 
: component portion, an improvement 6f apparatus for facilitating processing of the 
5 receive signal, . said apparatiis comprising: ' " ' / 

^ a rquality: measure -deterrtuner- coupled^ t iiidic^tioris of the 

..Teceive- signal; I'said-qualfty- ^ear;ure' detenriinef for forming le^st^ onl'' quality. 
emea5sure!of^the'TOceive'signjal;'and - ' ' ^^--''^ " ■ -.--^^ *: ^i n - ^^.t 

..an interference-detector ilso coupied to receive the at least liidicatioiis oif the 
10 receive signal and indications of the at least-oh6'quality nieasiir^ of fedeiVdsigiial 
. determined by said quality measure determiner, said interfereiice detector fo'r detecting 
the /wanted ,.signal-component portion of the receive signal and for ielfebtivdy 
suppressing the at least one interfering signal component portion. * • ' 

15 / 2 . The apparatus of claim 1 wherein said interference detector is 

selectively operable to pass both the wanted signal-component portion and the at le^t 
one interfering signal component portion detected thereat. 

3. In a radio receiver operable to receive a receive signal, the receive 
20 signal formed of a wanted-signal component and an interfering-signal component, the 
wanted-signal component having a first training sequence associated therewith and the 
at least one interfering-signal component portion having at least a second training 
sequence associated therewith, the first and the at least second training sequences, 
respectively, selected from a set of training sequences, the first training sequence of 
25 a value known to the receiver at least when the receive signal is received at the 
receiver, an improvement of apparatus at least for determining the value of the at least 
second training sequence, said apparatus comprising: 

a channel estimator coupled to receive at least indications of the receive signal 
received at the receiver, said channel estimator for forming groups of channel 
30 estimates, the channel estimates of each group representative of characteristics of 
estimated channels estimative of channels upon which the receive signal is transmitted 
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to the receiver, the channel estimates of-each group including estimates of channels 
upon which interfering signal component portions are transmitted, the interfering- 
signal component portions having associated thereMath training sequences of the set 
of training seqiiences; ^ , . . ■,■ : • ^ *^ 

5 a residual interference estimator poupled^ to receive indicatipns:.of estimates 

formed by said channel estimator, said residual interference estimator for generating 
values of residjoal interference foneap^^ of charmel estimates formed by 

said.channel estimator; and- : .^i, -rh ^ ■ :v ' ; : : ; : rv ^ :^ 

a selector coupled to receive the values of the residual.- interference estimated 
1 0 by said residual interference estimator, said selector for selecting a group of channel 
estimates of the groups of channel estimates estimated by said channel estimator which 
exhibit a value of residvial interference, estimated by saM residual interference 
estimator, of a . desired value, the training sequence associated with the group of 
channel estimates selected by said selector determined to be the value of the at least 
15 secrad training sequence. 

4. The apparatus of claim 3 wherein said channel estimator comprises a 
least mean square error estimator. 

20 5. The apparatus of .claim 4 wherein .said le^^ 

which said chaimel estimator is formed calculates, a least mean square channel estimate 
for an estimated-interfering signal having each training sequence of the set of training 
sequences but for the first training sequence associated with the wanted-signal 
component, 

25 

6. The apparatus of claim 2 wherein the groups of channel estimates 
estimated by said channel estimator comprise estimates of a wanted-signal component 
channel and interfering-signal component portion channels, the interfering-signal 
component portion channels estimative of channels upon which interfering-signal 
30 component portions having associated therewith training sequences of each training 
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sequence of the group of training sequences but for the training sequence associated 
' with* the wanted-signalconvponent. ' -^ * - " ' 

7. The apparatus of claim 3 wherein said residual interference estimator 
estimates a* value -off residual inteifcrericfe for each of the groups of ch^inel estimates. 

vc 'S.^tsv.T-.The'apparatias ^dPelMm ^3 ' wiifere^^^^ said lelectoi* 'select a'group of 

channel estimates amongst the groups of the channel estiinaid^ whiVh e^^ 
: level .of residual interference/-^' • ^ - - - ' - i . : i . 



9. The apparatus -of claim 3 %rther for supjjressiiig 'the at least one 

, interfering signd component poilion, said- i^^^ * ^ ' ^ 

an interference suppressor coupled to receive the at least' indications of the ^ 

^ . . - . , 

receive signal and to receive indications of the at least sectfiid trairiirig sequence 
1 5 associated with the group of channels selected by said selector and channef estimates 
formed by said channel estimator, said interference suppressor for selectively 
suppressing the at least one interfering signal component portion. 

10. The apparatus of claim 9 wherein said interference suppressor 
20 comprises a joint detector, said jbint detector foi* jointly 'detecting the values of the 

wanted-signal component and the values of the interfering si^rikl coniporient portion 
having the second training sequence. 

1 1 . The apparatus of claim 9 wherein said channel estimator further 
25 estimates a wanted-signal estimated channel, the wanted-signal estimated channel 

estimative of only the channel upon which the wanted-signal component is transmitted 
to the receiver. 

.12, The apparatus of claim 1 1 wherein said residual interference estimator 
30 is further coupled, to receiye indications of the wanted-signal estimated channel, said . 
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residual interference estimator further for generating a value of residual interference 
for the wanted-signal estimated channel. , . L . ■. 

-J.. The apparatus of claim. 12 whereinsaid selector is^^^^ 

-receive the value of residual interferMice of,the.vvainted-signal .estimated channel 

??^4 F®?^4"^ interference, estiimton the .wanted estimated channel 
^ associated, therewith fqrming^^^^^^^^ 

. .^moiigst w|iich said selector,selectSi, -72 r,, .. ., ij^ nrf. ' nr ro ': o : . : ■ 

. . . . 14., . The apparatus of claim 13- further for detecting values of the warited- 
signal compone^^ exclusive of the interfering, signal component, said apparatus further 
comprising: . , , , . , - . 

! - ; ? wanted-signal detector coupled to repeive the at least indications of the 
receive signal and to receive indications of selections by said selector selecting the 
wanted-signal estimated channel, said wanted-signal detector for detecting the values 
of .the wanted-signal component. . . . . 

15. the apparatus of claim 1 4 wherein said selector is further operable to 
select operation alternately of said joint detector and said wanted-signal detector. 

16. , The apparatus of claim 3 wherein the at least one interfering-signal 
component portion comprises a plurality of interfering-signal component portions and 
wherein the groups of channel estimates formed by said channel estimator include 

estimates of a plurality of channels upon which a plurality of interfering-signal 
component portions are transmitted. • • . 

17. In a method for receiving a receive signal at a radio receiver, the receive 
signal formed of a wanted-signal component portion and at least one interfering-signal 
component, the interfering-signal component formed of at least one interfering-signal 
component portion, the wanted-signal component portion havmg a first training 
sequence associated therewith and the at least one interfering-signal component 
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.portion having at test a second training sequence associated therewith, the first and 
second training sequences respectively, selected fi-om a^et of training sequences, the 
first training sequence of a value known to the receiver at least when the receive signal 
is receive at ;tKe. receiver^ an impii-dVenient of a method for at'l^asrt determining the 
5 . value.of the at least-second training sequence,- said method comprising thfe stepis of: 
estimatingigrpuiis of chaEtfterestimjafe^ indications bSffee'fe 

; §ign^:rec.eived al the^ceivef - 'therjcsKaBCn^^ 
characteristics of estimated channels estimative bfcHamels upbrr whi^^^^ tecdve 
signal is transmitted to the receiver, the channel estimates of each group including 
10 estimate^ of channels upon ^wWch 'ftterfeJing^-signdr^'c^^ pdrtions are 

: transmitted, the interfering-signal comf)drienf^pbrti6ns having associated therewith 
training sequences of the group of training sequences; 

generating values of residue interference fdt each of tfie groups of channtel 
estimates estimated during said step of estitadting; and' : ^. * v > 

15 J. selecting a group of channel estinlateisbf the groups of channel estinik^^ 

exhibit a value of residual interference, generated during said step* of generating values 
of residual interference of a desired value, the training sequence associated with the 
group of channel estimates determined to be the value of the at least second training 
sequence. .= * . . : ^ • ' . ^ ' ■ 

20 

18. In a radio receiver operable to teceive a receive signal, the receive 
signal formed of a wanted-signal component and an interfering-^jsignal component 
having at least one interfering-signal component portion, the wanted-signal component 
having a first training sequence associated therewith and the at least one interfering- 

25 signal component portion having at least a second training sequence associated 
therewith, the first and second training sequences respectively, selected fi-om a group 
of training sequences, the first training sequence of a value known to the receiver at 
least when the receive signal is received at the receiver, an improvement of an 
apparatus for estimating a channel upon which the receive signal is transmitted to the 

30 radio receiver, said apparatus comprising: 
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a joint detector selectably coupled to receive at least indications of the receive 
signal, said joint detector for ^jointly detecting, the wahfed-sifeiial component 
transmitted upon a wanted-signal channel together: with the at fea^ one- interfering 
component pwtion transmitted upon at least oi^ interfering-kgiial chaAnel; 

a wanted-signal;det^ctor«electably cw^i^led t<S receive dt least mdications of the 
receive signal, said.vv|ited signal d^jectpr for ^e^^ 

transmitted upon the waht^drsignaj^haqijeli anp \ , - , - \ ..f ... 

:a selectof for s^fectobly c6uiiHni s^^^ vikted signal 

detector to revive the a^ least indicatioASjof thfeireceive signal. 



BNSDOCID: <WO_98387SQA1_L> 




BNSOOCID: <WO_9838750A1 J_> 



wo 98/38750 



PCT/SE98/00260 



2/3 



56 


52 


58 




r 


X- 


TAIL 


DATA 


FlAG 


3 


57 


1 



54 



TRAINING 
SEQUENCE 



58 
J. 



aAG 



26 1 

FIG. 3 



52 



DATA 



57 



56 



TAIL 



50 



78- 



78- 



; WANTED^ > 
SIGNAL, - 

TRANSMITTING 
STATION 



nRST 




INTERFERING 


d,(n) 


SIGNAL 


TRANSMiniNG 




STATION 





Kth 

INTERFERING 
SIGNAL 

TRANSMiniNG 
STATION 




FIG: 4 



87 



85 



ESTIMA TOR 

7 
86 



89 



INTERFERENCE 
DETECTOR 
1 

^88 



FIG. 5 



BNSDOCID: <WO_9838750A1J_> 



WO.98/38750 



PCT^£98/(H)260 



3/3 



96 



92 



94 

A. 



CHANNEL 
EStlMATOR 



98 



102- 



104 



RESIDUAL . 
INTERFERENCE 
ESTIMATOR 



106 



FIG. 




200 



GENERATE GROUPS OF CHANNEL ESTIMATES' 
UPON WHICH COMPONENTS OF THE' RECEIVE 
SIGNAL ARE TRANSMIHEO -TO- THE RECEIVER 



I 



>;202 



GENERATE VALUES OF RESIDUAL INTERFERENCE 

^ 



SELECT THE GROUP OF CHANNEL ESTIMATES 

WHICH EXHIBITS THE LOWEST VALUE OF 
RESIDUAL INTERFERENCE 



-206 



FIG. 7 



BNSCOCID: <WO_e838750A 1J_> 



INTERNATIONAL SEARCH REPORT 



TPr^P'''^fiTi%9^/?">'ECT MATTER ... . . Tr^TTr- 

IPC 6 H04B1/12 H04L25/03 H04L25/02 H04B7^005: 



national-^Applicati'on No 

PCT/SE 98/00260 



Accoroing to imemationai Patent C lassrficattondPC) or to tx>th national classification and IPC 
B. FIELDS SEARCHED " *" 



r • 



Documen,a.lonsearcne<.c.her.nanm.ia,umdocu,nen.atK,n,,.ne.K.on. ma.su^ 



1. 



;aac„n1cda.at,a,»consu«ed during me ^"««rna..onal search ,nan^ ,, .a m Base and. whor. p>ac.ica..^ . 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



iCategoiy ' 



Citation Of document, with indication, where appropnata. of the relevam passages 



EP 0 667 683 A (ROKE MANOR -RESEARCH') 16 
August 1995 
see abstract 

see page 2, line 1 - page 3, line 12 
see page 5, line 56 - page 7, line 49 
see figure 1 

^ir^^j.^llllt L^^^^^ TELECOMMUNICATIONS OY 
AShI 1996 "°^^INE) 18 

see abstract 

see page 5, line 18 - page 7, Tine 3 

see page 9, line 4 - line 22 

see page 16, line 34 - page 17, line 37 

see figure lA 

see figure 5 



■Retevani to claim No. 



I Further documents are listed in the continuation of Dox C. 

? Special categories of cited documents : 

"A" document defining the general state of the art which Is not 
considered to be of particular relevance 

^t^*4'<Sl""'*"* but published on or after the intemationaf 

I -L" document which may throw doubts on prioritv daimfs* or 

crtatfon or other special reason (as specified) 

I **omiTS2ans*"*"^ disclosure, use. exhibition or 

^SrJS? Pt**'s*^«^ Pno*" to the intematibnal filing date but 
later than the pnonty date claimed 

Date of the actual completion of the international search 

9 June 1998 

Name and mailing address of the ISA 

Patemiaan 2 

NL - 2280 HV Riiswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl 
Fax: (*3l-70) 340-3016 



1.3-12, 
16.17 
2,13-15, 
18 



1,3, 
9-11,16 

2.4-8, 
12,17,18 



Foim PCT/ISA/aiO (second shoen (July 1992) 
BNSCXXIID: <WO ©838750AlJ_> 



|X I Patent family members are listed in annex. 



T later document published after the international filing date 
or pnority date and not in conflict with the application but 
cited to understand the principle or theory underlvinq the 
invention ' ^ 

"X" document of particular relevance: the claimed invention 
cannot t>e considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 
Date of mailing of the intemaiional search report 

16/06/1998 

Authonzed officer 



Llndhardt, U 



page 1 of 2 



.n^riTOra^TtDNAL search report 



national Applicatton No 

PCT/SE 98/00260 



C^Contlnuation) DOCUMENTS CONSIDERED TO BE AELEVANT 



Category - CHaiion at documoni. wdh indicatioawnerB appropnaie. of the retevani passages 



Relevant to aaim No. 



us 5 375. L43_A.CKAZECKI HENRY L 
December 1994 _ . . 
■'see' aBitraict 
see column 1, 
see column 2, 
see f-igup€ 1~- 



ET AL) 20 



line 65 - column 2, line 11 
line 44 - column 3, line 20 



RANTA P A ET AL: "TDHA CELLULAR NETWORK 
APPLICATION OF AN INTERFERENCE 

cANCELLATjQN;7T£CHRrour'!."~- ^r-r«~ : • 

PROCEEDINGS OF THE VEHICULAR TECHNOLOGY 
CONFERENCE, CHICAGO, JULY 25 - 28, 1995, 
vol, 1, 25 July 1995, INSTITUTE OF 

.ELECLRI£AU-AND _ELECTRflNICS.-EN(iU\IE£RS, 

pages 296j:<30jO, J(P00p550182 

see ^abstract " ' " . .;, ■ 



see page 298, left-hand column, 
right-hand column, line 7' ' 
see 'figure 4 



line 16.- 



Fomi PCT/ISA/210 (conuruaaon ot second shofli) (July 1992) 



1,2 

13-15,18 



• 2,13-15,. ■ 

-18 



BNSOCCID: <WO_e8387S0A1J_> 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent f amtty members 



Patent document 
cited in searcn report 



Publication 
' date 



.lational Application No 

PCT/SE 98/00260 



Patent family 
membBr(s) ■ 



Publication 

^ ..e.iolr.i^i.'ir, -.: date 



EP 0667683 



16-08-1995 



WO 9611533 



US 5375143 



18-04-1996 



20-12-1994 



GB 
AU 
CA 
FI 

US 



22865*66 
1162895 
2141174 
950572 
7288481 



A 

A 
A 

A • 



564J0432 A 



FI 
AU 
EP 
NO 



944736 A 
3654795 A 
0784887 ^ . 

971545 A 



US 5195106 A 

CA 2103392 A 

GB 2273228 A 

CA 2049501 A.C 

GB 2251162 A.B. 

US 5241545 A * 



16- 08-1995 

17- 08-1995 
11-08-1995 
11-08-1995 
31-10-1995 
17-06-1997 



08-04-1996 
02-05-1996 
23-a7-1997. 
04-06-1997 



16-03-1993 

o,,v04-:06-1994 
08-.06-i994-: 
15-05-1992 
r: . 24-06-1992 
c. 31-08-1993' 



Fomi PCT/lSA/210 (patent tamihfannax) (July iggg) 
BNSDOCID: <WO_9838750A1_I_> 



